Award  Number:  DAMD17-98-1-8499 


TITLE:  The  Single  Prostate  Cell  Transcriptome  as  Biological  Assay 


PRINCIPAL  INVESTIGATOR:  Peter  S.  Nelson,  M.D. 


CONTRACTING  ORGANIZATION:  University  of  Washington 

Seattle,  Washington  98105-6613 


REPORT  DATE:  September  1999 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


20000829  030 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  074-0188 


Puhlic  reportirvg  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining 
tfie  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for 
reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of 
Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503 _ _ 


1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

_  _ _ September  1999  Annual  (1  Sep  98  -  31  Aug  99)  _ 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

The  Single  Prostate  Cell  Transcriptome  as  Biological  Assay  DAMD17-98-1-8499 


6.  AUTHOR(S) 

Peter  S.  Nelson,  M.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Washington 
Seattle,  Washington  98105-6613 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 


12b.  DISTRIBUTION  CODE 


14.  SUBJECT  TERMS 

Prostate  Cancer 


15.  NUMBER  OF  PAGES  9 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OF  REPORT  Unclassified 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE  Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT  Unclassified 


20.  LIMITATION  OF  ABSTRACT 
Unlimited 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 

_  Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 


_  Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 


_  Citations  of  commercial  organizations  and  trade  names  in  this 

report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

N/A  In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals , " 
prepared  by  the  Committee  on  Care  and  use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Resources,  national  Research  Council 
(NIH  Publication  No.  86-23,  Revised  1985). 

X  For  the  protection  of  human  subjects,  the  investigator (s) 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

N/A  In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 


N/A  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules . 


N/A  In  the  conduct  of  research  involving  hazardous  organisms,  the 
investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories . 


PI  -  Signature 


1-zg 

Date 


2 


Nelson-DOD-Progress  Report  9/99 


TABLE  OF  CONTENTS  PAGE 

STANDARD  FORM  298  1 

FOREWORD  2 

TABLE  OF  CONTENTS  3 

INTRODUCTION  4 

BODY  4-7 

KEY  RESEARCH  ACCOMPLISHMENTS  7 

REPORTABLE  OUTCOMES  8 

CONCLUSIONS  8 

REFERENCES  NA 

APPENDICES  NA 


3 


Nelson-DOD-Progress  Report  9/99 


INTRODUCTION 

The  subject  of  the  research  in  this  proposal  is  the  development  of  methods  for  the 
examination  of  molecular  alterations  in  prostate  cancer  at  the  level  of  single  cells.  The 
purpose  of  the  research  is  to  use  the  developed  methods  to  identify  molecular  alteration  in 
prostate  cancer  cells  that  can  be  used  either  singly  or  in  combination  to  provide  insights 
into  the  molecular  evolution  of  prostate  carcinogenesis,  and  produce  a  set  of  molecular 
tools  capable  of  influencing  the  clinical  management  patients  with  prostate  carcinoma. 
The  scope  to  the  research  involves  the  construction  of  cDNA  libraries  representing  the 
genes  expressed  in  selected  populations  of  normal  and  neoplastic  prostate  cancer  cells 
followed  by  the  construction  of  microarrays  suitable  for  comprehensive  gene  expression 
studies.  These  arrays  are  then  used  to  evaluate  methods  for  single-cell  transcriptome 
amplification  with  the  aim  of  identifying  a  cohort  of  cellular  transcripts  which  correlate 
with,  or  'fingerprint'  a  cellular  phenotype. 


BODY 

Technical  objective  1:  To  obtain  defined  populations  of  normal  and  neoplastic  prostate 

cell  types  which  retain  in-situ  cellular  characteristics 

•  Task  1:  obtain  and  pathologically  characterize  fresh  samples  of  normal, 
primary  neoplastic,  and  metastatic  carcinoma.  Prepare  tissue  sections  in 
frozen  and  fixed  formats.  Perform  immunohistochemistry.  We  have  obtained 
>20  samples  of  fresh  prostate  tissue  samples  representing  each  of  the 
categories  required  and  have  preserved  them  in  frozen  and  paraffin  embedded 
formats.  Immunohistochemistry  and  interpretation  have  been  performed  by 
our  consulting  pathologist. 

•  Task  2:  purify  normal  luminal,  normal  basal,  and  primary  carcinoma  cell 
populations  using  flow  cytometric  sorting.  Disaggregate  tissues,  immuno- 
label,  sort,  assess  sorted  populations  for  purity  via  microscopic  examination 
and  by  PCR  analysis.  Sort  single  cells  into  microtiter  format.  We  have  sorted 
and  purified  normal  basal  and  luminal  cells  by  flow  cytometry  and 
constructed  a  cDNA  library  from  each  population.  We  have  sorted  primary 
carcinoma  cell  populations  with  variable  results  in  RNA  quality  and  quality. 

These  cells  were  first  microdissected  and  then  sorted  by  CD44  and  CD57 
mab.  This  work  is  ongoing  to  optimize  the  methods. 

•  Task  3:  evaluate  alternative  tissue  digestion  protocols.  We  have 
disaggregated  tissue  samples  with  trypsin  and  with  EDTA  alone  without  a 
significant  improvement  in  quality/quantity  of  RNA  extraction  compared  to 
the  standard  collagenase  protocol.  Future  work  will  include  the  use  of 
dispase. 

•  Task  4:  microdissect  cohorts  of  phenotypically  distinct  prostate  cells:  luminal 
epithelium,  basal  epithelium,  PIN,  carcinoma  foci,  metastatic  foci.  We  have 
microdissected  cohorts  of  distinct  prostate  cancer  cells.  However,  the  RNA 
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yields  have  not  been  high  due  to  the  tedium  of  this  microdissection  approach. 
Whole  transcriptome  PCR  has  produced  inconsistent  results  with  indications 
of  degraded  RNA  starting  material  (low  molecular  weight  smear  by  gel 
electrophoresis).  The  recent  addition  of  a  laser  capture  microscope  will  now 
allow  us  to  evaluate  an  alternative  microdissection  approach  for  rapidity, 
reproducibility,  and  sample  yield  and  quality. 

•  Task  5:  microdissect  single  cells  (20)  from  each  of  the  above-described 
phenotypes.  We  have  been  able  to  successfully  microdissect  single  cells  using 
patch-clamp  techniques  and  deposit  them  into  individual  microtiter  plate 
wells.  The  actual  deposition  process  is  verified  to  the  level  of  visualizing  the 
lack  of  a  cell  remaining  in  the  pipette  tip,  but  we  do  not  currently  verify  that 
the  cell  has  been  deposited  into  the  PCR  buffer.  We  are  exploring 
fluorescence-based  methods  to  follow/track  cells  for  determining  the 
accuracy  of  cell  deposition.  The  laser  capture  microscope  should  also  allow 
for  an  alternative  dissection/deposition  method. 

•  Task  6:  assess  RNA  quality  ( preservation )  between  frozen  sections  and 
fixed/stained  sections.  We  have  evaluated  3  samples  preserved  as  frozen 
sections  and  3  samples  preserved  as  fixed  embedded  preparations.  The  RNA 
quality  appears  to  be  better  in  the  frozen  sections,  but  the  microdissection  is 
more  difficult  due  to  cell  lysis  and  DNA/protein  viscosity.  Dissection  from 
paraffin  sections  is  straightforward,  but  RNA  quality  is  poor.  Future  work 
will  examine  paraformaldehyde  and  ethanol  fixatives  and  laser  capture 
microdissection. 

•  Task  7:  assess  feasibility  of  flow  sorted  single  cell  isolation  automation.  We 
have  collaborated  with  Dr.  Ger  VandenEngh  in  the  Department  of  Molecular 
Biotechnology  for  alternative  methods  for  automated  single  cell  deposition. 
One  approach  that  will  be  ready  for  experimentation  in  approximately  3 
months  is  a  method  of  cell  sorting  into  wells  of  linear  plastic  spooled  tape.  In 
addition,  we  will  be  experimenting  with  a  cDNA  library  vector  that  will  sort 
bacterial  transformants  containing  cDNA  inserts  based  upon  size  selection. 

•  Task  8:  ( future  work)  refine  cell  phenotype  acquisition  based  upon  the 
development  of  new  markers/antibodies.  In  collaboration  with  Dr.  Alvin  Liu 
in  the  Department  of  Molecular  Biotechnology,  we  have  identified  several 
additional  antigens  recognized  with  monoclonal  antibodies  that  can  be  used 
for  sorting  prostate  epithelial  cells  by  flow  cytometry. 


Technical  objective  2:  To  construct  microarrays  of  prostate  transcripts  that  reflect  the 
gene  expression  potential  of  the  cell  types  to  be  examined. 

•  Task  8:  identify  a  non-redundant  clone  set  from  the  Prostate  Expression 
Database  to  encompass  all  highly  expressed  transcripts  (~12),  moderately 
expressed  transcripts  (-500)  and  several  thousand  rare  transcripts  (-6000). 

We  have  identified  a  non-redundant  set  of  3,000  cDNAs  (ESTs)  from  the 
prostate  expression  database  that  are  suitable  for  array  construction. 

Identifying  an  additional  3,000  cDNAs  is  in  progress. 
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•  Task  9:  retrieve  cDNA  clones  from  archive,  PCR  amplify  inserts  with  amine- 
linked  primer,  and  purify.  We  have  retrieved  3,000  cDNA  clones  from  the 
cDNA  archive  and  amplified  the  inserts  by  PCR.  Improvements  in  glass  slide 
coating  technology  by  Amersham  has  eliminated  the  need  for  using  amine- 
linked  PCR  primers  for  amplifying  clone  inserts.  We  have  conducted 
preliminary  experiments  using  1500  clone  cDNA  arrays  spotted  onto  Type  7 
mirror-coated  Amersham  slides.  Compared  to  our  previous  format,  these 
arrays  provide  a  lower  background  signal,  even  spot  distribution,  higher  Cy3 
signal,  and  greater  array  consistency  than  our  previous  format. 
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Figure  1A.  cDNA  microarray.  The  figure  depicts  1/12  of  the  1500-cDNA  microarray 
hybridized  with  total  cDNA  probes  from  androgen-stimulated  vs  androgen-starved 
prostate  cancer  cells.  Bright  spots  indicate  a  gene  highly  expressed  in  androgen- 
stimulated  compared  to  androgen-starved  cells.  IB.  Portions  of  the  cDNA  microarray 

*  containing  cDNAs  upregulated  by  androgens  with  corresponding  Northern  analysis 
confirming  the  results  (right  panel). 

1  . . . "tr - - r - 7 - a  i  '  " . 

We  have  constructed  cDNA  libraries  from  flow  sorted  basal  (CD44+), 
luminal  (CD57+),  and  primary  carcinoma  (CD44+)  cells.  The  libraries  are  of 
good  quality  with  >85%  inserts  averaging  800bp.  Sequencing  random  clones 
from  each  library  is  in  progress  to  determine  the  diversity  and  transcript 
abundance. 

•  Task  11:  pick  random  cDNA  clones  from  the  new  libraries,  array  on  nylon 
membranes  and  screen  for  abundant  prostate  cDNAs,  select  non-abundant 
species,  PCR  amplify  inserts.  Random  cDNA  clones  from  each  library  have 
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been  picked  using  the  Q-bot  picking  tool  and  placed  into  384-well  microtiter 
plates.  Following  the  verification  of  library  quality,  the  clones  will  be  spotted 
onto  nylon  membranes  for  hybridization  and  negative-selection  to  acquire 
low-abundance  cDNAs. 

•  Task  12:  construct  physical  micro-arrays  ofcDNA  clones  on  glass  supports 
using  robotic  tools:  total  of 500  replicates.  See  Task  9  above.  We  have 
obtained  a  Molecular  Dynamics  Gen  III  array  robot  that  is  capable  of  >8,000 
cDNA  clone  densities  per  slide.  We  will  be  moving  to  this  format  for  the 
prostate  microarrays. 

■  Task  13:  assess  alternative  array  methodologies  as  they  become  available  ( ink  jet 
oligonucleotide)  This  task  will  be  on-going  for  the  duration  of  the  proposal. 

Technical  objective  3:  To  construct  representative  probes  from  single  or  small  numbers 
of  defined  cells  that  are  suitable  for  micro-array  interrogation,  and  retain  the 
transcriptome  composition  ( diversity  and  abundance )  present  in  the  original  cell  type(s). 
This  work  is  in  progress. 

Technical  objective  4:  To  identify  a  cohort  of  cellular  transcripts  which  correlate  with, 
define,  or  “fingerprint” ,  a  cellular phenotype(s). 

This  work  is  in  progress. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  Obtained,  pathologically  characterized,  and  archived  tissue  samples  suitable  for 
conducting  the  proposed  research. 

•  Obtained  and  purified  single  circulating  neoplastic  prostate  cells  from  the  peripheral 
blood  of  patient  with  prostate  cancer. 

•  Amplified  and  sequenced  the  androgen  receptor  from  a  single  prostate  epithelial  cell. 

•  Constructed  cDNA  microarrays  comprised  of  1500  different  prostate  cDNAs. 

•  Developed  and  utilized  protocols  for  array  probe  construction  and  hybridization. 

•  Constructed  cDNA  libraries  from  flow-sorted  prostate  luminal  and  basal  epithelial 
cells. 

•  Constructed  cDNA  library  from  microdissected  prostate  luminal  and  basal  epithelial 
cells. 
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REPORTABLE  OUTCOMES 

Nelson  PS,  Ferguson  C,  Lin  B,  White  JT,  and  Hood  L.  The  transcriptome  of  normal 

prostate  basal  and  epithelial  cells:  analysis  of  shared  and  divergent  gene  expression 
programs.  (Manuscript  in  preparation). 

Nelson  PS,  Ferguson  C,  Lin  B,  White  JT,  and  Hood  L.  The  transcript  repertoire  of  single 
normal  and  neoplastic  prostate  epithelial  cells.  (Manuscript  in  preparation). 

Nelson  PS,  DNA  Analysis  and  New  Molecular  Biology  Technologies:  Comprehensive  Methods 
for  Exploring  and  Exploiting  the  Human  Genome.  Contemporary  Urology  [submitted]. 

Biaoyang  L,  Ferguson  C,  White  J,  Hood  L,  and  Nelson  PS  (1999)  Identification  of  genes 
regulated  by  androgens  in  human  prostate  carcinoma  cell  line  LNCaP.  MTAP  User 
Meeting.  Monterey,  CA.  (abstract) 

Nelson  PS,  Hawkins  V,  Ferguson  C,  Vessella  R,  Lange  P,  and  Hood  L.  (1999)  The 

Prostate  Expression  Database:  A  Tool  for  Novel  Gene  Discovery  and  the  Virtual 
Analysis  of  Prostate  Gene  Expression.  Proceedings  of  the  American  Urological 
Association,  (abstract) 


CONCLUSIONS 

The  research  accomplished  to  date  has  demonstrated  the  ability  to  reproducibly  isolate 
defined  prostate  cell  populations  by  microdissection  and  flow  cytometry.  The  isolated 
cells  are  of  suitable  quality  for  studying  genetic  alterations  at  the  DNA  and  RNA  level. 
The  research  accomplished  to  date  has  also  produced  a  tool-set  in  the  form  of  a  cDNA 
microarray  that  will  now  allow  for  the  analysis  of  the  transcript  profiles  of  the  defined 
cell  populations.  The  major  problem  encountered  to  date  is  the  inefficiency  of  our  current 
microdissection  methods.  Our  studies  during  year  2  of  the  proposal  will  involve  an 
evaluation  of  an  alternative  microdissection  strategy  employing  a  laser  capture 
microscope.  The  cDNA  libraries  that  we  have  produced  from  the  defined  prostate  luminal 
and  basal  cell  libraries  have  already  been  useful  as  reagents  for  the  cloning  of  interesting 
genes  that  may  be  involved  in  the  pathogenesis  of  prostate  carcinoma,  or  that  may  be 
used  as  drug/therapeutic  targets.  These  candidate  genes  are  under  further  study. 
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